REPORT No. 514

THE MEASUREMENT OF THE FIELD OF VIEW FROM AIRPLANE COCKPITS

By Mervin N. Gouar

SUMMARY

A method has been devised for the angular measure-
ment and graphic portrayal.of the view obtained from the
pilot’s cockpit of an airplane. The assumptions upon
which the method is based and a description of the instru-
ment, designated a “‘visiometer’, used in the measure-
menis are given. Account 18 taken of the fact that the
pilot has 2 eyes and thus 2 separate sources of vision.
The view s represented on charts using an equal-area
polar projection, a description and proof of which are
given. The use of this chart, aside from iis simplicity,
may make possible the establishment of simple criterions
of the field of view. Charts of five representative air-
planes with various cockpit arrangements are included.

INTRODUCTION

It is becoming increasingly evident that a good field
of view from the pilot’s cockpit of an airplane is one
of the main requirements for safe flying. The airplane
has several characteristics that necessitate an unusually
open field of view for the pilot. These characteristics
are: relatively high speed, capability of maneuvera-
bility in three-dimensional space, and principal axes
unconnected to those of other objects fixed or in motion.

Probably the first notable realization of the vital
importance of a good field of view arose during the
World War. Many pilots went so far as to remove
the fabric from various portions of their airplanes in
an attempt to eliminate “blind spots’, accepting the
suspected loss of performance (reference 1). The
results of war time efforts to improve the angles of
gunfire and reduce the vulnerable blind sectors were
at the time considered military secrets (references 2,
3, and 4), but are now available to & considerable
extent in literature on airplane design (references 5
and 6).

The rapid growth of commercial aviation since the
war has added to the demand for a better understand-
ing of vision requirements (references 7 and 8). Many
methods of determining such requirements have been
proposed and tried (references 2, 3, 9, 10, and 11).
No systematic study of the problem having been
made, the question of providing an adequate field of
view is generally left to the judgment of the designer.

Any rating of the field of view of the completed air-
plane would be very arbitrary and is usually confined
to pilots’ reports of “good” or “bad.” Several at-
tempts to establish a coefficient for rating the vision
characteristics of airplanes have been unsuccessful
owing to the lack of information concerning the field
of view of the already existing types.

Because of the various requirements, it is desirable
to know to what degree and in what direction vision
is necessary for a given purpose and under various
conditions of flight. It is also very desirable that a
simple and exact means be made available by which
the prospective operator may make known his wants
and the manufacturer denote how nearly he is able to
fulfill them.

The development of & simple and exact method of
measuring and presenting the field of view from the
pilot’s cockpit should make possible a systematic col-
lection of data from a large number of existing repre-
sentative airplanes, which, together with existing ideas
concerning the known usefulness of the view they
afford and their suitability for the intended function,
may make possible a comparative evaluation of this
almost neglected quality. A study of the relative im-
portance of various portions of the field of view should
prove of value in the design of new types; the manner
in which they compare with the old should become as
evident to the designer as to the pilot.

The present report describes a practicable method
for measuring and presenting the pilot’s field of view.
An instrument designated a ‘visiometer” was con-
structed that permits a step-by-step measurement of
the outline of the airplane as seen by the pilot. The
data thus obtained are plotted directly on a form of
polar chart from which areas may be measured. In-
formation on 36 airplanes has been satisfactorily ob-
tained. These studies are being conducted by the
National Advisory Committee for Aeronautics at
Langley Field, Va.

METHOD OF MEASUREMENT

Preliminary considerations.—In the method em-
ployed the pilot of an airplane is considered to be at
the center of an imaginary sphere whose radius is
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infinitely larger than the distance [rom the pilot to
any part of the airplane. The outline of the portions
of the airplane seen by the pilot may then be projected
onto the surface of the sphere and defined by the
lengths of arcs on the spherical surface or by the
angles which they subtend at the center of the sphere.
At present only the forward hemisphere, symmetrical
about the direction of flight, is being considered.

The location of the point to be considered as the
center of the sphere is based on several assumptions,
some of which follow. The height of the plane of the
eyes of the average pilot is about 31 inches above the
seat cushion or parachute. In a natural position a
head movement of 6 inches to either side of the posi-
tion of direct forward vision is easily obtainable. No
fore-and-aft movement is considered here. For air-
planes with adjustable seats, the seat is raised to its
highest position for taking-off, landing, and taxying,
and lowered during flight just to afford protection be-
hind the windshield. These factors determine four
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F1GURE 1.—Fields of vision of the eyes of the average pllot.

positions considered as representative of those natu-
rally assumed by a pilot under normal conditions;
namely, flight attitude, pilot central; flight attitude,
pilot to one side; landing attitude, pilot central; and
landing attitude, pilot to one side.

The natural position of the pilot is one of rest with
face forward and head erect and with the line of sight
directed forward along the line of flight. From this
position the two most natural motions of the head are
obtained by rotation about a lateral axis and about a
vertical axis. Motion about a longitudinal axis, if
made by the pilot, is usually accompanied by a lateral
swaying of the body and requires considerable effort.
By the two previously mentioned motions of the head
the pilot may direct his sight to any point in the forward
hemisphere, maintaining his line of sight normal to a
line between the pupils of his eyes. For the average
pilot 1t has been found that, with fixed body, the eyes
move approximately on the surface of a sphere of 4.6
inches radius, the center of which may be assumed to
be in the horizontal plane containing the eyes when the
head is erect. :
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It is evident that the projection of the airplane from
a single observation point reprezents the view seen
with monocular vision; actually, binocular vision exists
and should be considered. Although it is possible, but
unnatural, for the pilot to place his head in the posi-
tions necessary to obtain the maximum benefit of
binocular vision in all planes, the assumption is made,
on the basis of the previously considered motions, that
the line between the eyes is maintained horizontal.

It should be mentioned, although it will he given no
consideration, that the pilot can move his eyes while

FIGURE 2.—Binocular vision in the plane of the eyes.

holding his head stationary. The pilot therefore pos-
sesses binocular vision regardless of the location of the
object, provided that it is within the field of binocular
fixation, which extends roughly 50° from the primary
position of the eye. (See fig. 1 and reference 12.)
Physical examinations of service pilots have shown
the interpupillary distance between the eyes of the
average pilot to be 2.5 inches (reference 12). An ob-
struction of smaller dimensions than 2.5 inches may be
neglected since, with binocular vision, ¢onvergence
occurs beyond it and it ceases to be a blind spot. This
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FIGURE 3.—Angles subtended by distant objects. (Interpuplllary distance o small
as to effect no difference between monocular and binocular vision.)
effect is a maximum in planes containing the line
joining the two eyes of the pilot.

The diagram shown in figure 2 has been constructed
to show the effect of binocular vision in the plane of the
eyes. The two eye positions M and M’ are located
having an eccentricity /2 with respect to monocular
vision, where [ is the average interpupillary distance.
Monocular vision from O locates a point of object A
on the sphere at point B, but sight from A locates
A at C. As the sphere is considered to have an infinite
radius, the line CM is parallel to the line CO and the
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arc BC may be measured at the center of the sphere by
the angle a.
o= tan_l—l:-
2d .

By measurement, therefore, from a single point the
positions on the surface of the imaginary sphere of the
outline of the obstruction are improperly located in all
planes containing the eyes by an amount equal to the
angle « and the blind angle subtending the obstruction
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It is evident that reasonably large objects may be
hidden by blind angles of small magnitude (fig. 3). An
object, such as another airplane, with a linear dimen-

.sion of 40 feet along its longitudinal or lateral axis,

subtends an angle of less than 1° at a distance of one-
half mile. A dimension on the vertical axis of 15 feet
subtends an angle of approximately 0.3°.

N. A, C. A. visiometer.—When considering the meas-
urement of fields of view, one immediately thinks of

FIGURE 4.—N. A. O. A. visiomster.

is represented as too large. The error, moreover, is
wholly dependent on the distance of the obstruction
from the pilot and varies inversely as d. In applying
a correction for this error, particularly for obstructions
of large area, one must take into account which eye is
causing the blind-angle reduction and the location of
the portions of the edge of the obstruction with respect
to the line of sight.

. of the airplane on a spherical mirror.

the camera because of its similarity to the eye. Previ-
ous investigators have used the pinhole camera
(reference 11) and have also photographed the image
Among other
things, however, the difficulty of superimposing the
photographs or the possibilities of applying a correction
for binocular vision resulted in favoring a step-by-ste

angular measurement method. ’
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The planes in which the angles defining a point in
space are measured depend upon the type of chart to be
used in representing them. As polar coordinates
seemed best, for reasons to be given later, an instru-
ment termed a *visiometer” was designed to measure
them.

Photographs of the visiometer are reproduced as
figure 4. All measurements being made with the air-
plane on the ground, the steel base of the instrument was
designed to fit in the average seat. Adjusting screws A
are provided for leveling. Vertical adjustment B and
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L are provided for setting up the instrument. The
entire instrument weighs 27 pounds and occupies about
the same space as would be taken by the pilot.

The procedure used in taking measurements with the
instrument in an airplane is quite simple. The loca-
tor, shown with visiometer in figure 5, is placed with
its tip at the point to be used as the center of the
projection. The visiometer is then placed in the center
of the seat, the cross hairs of the rear sight are placed
at the tip of the locator and, by means of the adjust-
ments available, the protractor is so set that its axes

FIGURE 5.—N. A. C. A. visiometer and locator mounted in the cockpit of a Fairchild cabin monoplane.

fore-and-aft and lateral tracks C permit the duralumin
head to be placed at the desired center of the projec-
tion. The pointer D, which is sighted by means of
the universally mounted mirror E, is equipped with a
front bead sight F and a rear ring and cross-hair sight
G. The intersection of the cross hairs is the point
about which all motions of the instrument head are
made. The pointer is mounted on the protractors H
and the protractor mounting J. The protractor
mounting may be rotated about the rear sight G in the
bed K. The line of sight of the pointer is defined by
the angles read on the protractors H. Level bubbles

of rotation are perpendicular and parallel to the span
and the thrust line of the airplane, the angle of the
thrust line to the horizontal having been previously
determined by & propeller protractor. This condition,
in which the axis of rotation of the forward hemisphere
is parallel to the thrust line of the airplane, the visiom-
eter correctly located with respect to the seat, and the
seat lowered so that the pilot is just fully protected by
the windshield, is known as the ‘“flight” attitude.
The “landing”’ attitude is obtained by raising the seat
through its full range of travel and pitching the pro-
tractor mounting so that the axis of the hemisphere is
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below the thrust line of the airplane by an angle equal
to the landing angle. In both the flight and landing
attitudes the protractor mounting may be moved to
the side positions. The outline of the structure of the
airplane is measured with the center of rotation in each
of the four positions: (1) Pilot central, flight attitude;

ane.

Flaure 8,—Meridlanal, or equatorial, projection of a hemisphere.

(2) pilot to side, flight attitude; (3) pilot central,
landing attitude; and (4) pilot to side, landing attitude.

When making the measurements the instrument is
sighted on various points defining the outline of the
nirplane and the data are plotted directly on a chart.

F10URE 7.—Polar projestion fleld-of-view chart, seale, and chart board.
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Fair curves are drawn through the points obtained.
It is less confusing if one part, such as the wing or
windshield, is followed around to completion. Where
the pilot’s cockpit is located in the plane of symmetry
of the airplane only the left portion of the hemisphera
is measured unless some appreciable unsymmetrical
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F1GURE 8.—Superposition of polar and meridianal projections of a hemisphere.

obstruction exists. After the angular measurements
are made, the distances from the center of the projec-
tion to various points on the airplane are measured to
be used in applying the binocularity correction.

It is desirable that the measurements be made in 8
well-lighted hangar with walls contrasting in color
to that of the airplane. The airplane should be so
placed that it is laterally level. The mounting and
locating of the instrument requires approximately 45
minutes. Measurements from the four positions,
including recording of the results, requires two men
from 3 to 6 hours depending upon the complexity of
the outline to be measured.

REPRESENTATION OF RESULTS

The representation of the surface of a sphere upon
a plane has long been used in map making and no one
method of projection has been found to be entirely
satisfactory. (See references 13 and 14.) No map on
a plane surface can accurately represent both size and
shape of a figure on a spherical surface, for it is im-
possible to preserve the same scele in all directions at
all points. Such a representation may be a compro-
mise fulfilling one of the following conditions:

(1) It may keep the area directly comparable all
over the map at the expense of the correct shape.

(2) It may keep the shapes of small features correct
at the expense of & changing scale all over the map
with the knowledge that large areas will not preserve
their shape.
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(3) It may be a compromise between (1) and (2)
80 as to minimize the errors by taking both shape and
area into account.

(4) It may preserve the correct directions of all
lines drawn from the center of the map.

Conditions (1) and (4) seemed most desirable for
the representation of the field of view because of the
possibility of measuring and comparing areas in an
effort to establish a criterion. These two characteris-
tics are maintained in a projection known as the
“Lambert equal-area projection”, a description of
which will now be given.

It is necessary to have some points or lines of ref-
erence on the surface of a sphere so that other points

Fi1GURE 9.—Construction of Lambert equal-area polar projection.

may be located with respect to them. The most
convenient method seems to be by lines representing
latitude and longitude as used for points on the sur-
face of the carth. The intersections of the axis of the
sphere with the surface are the poles. The intersec-
tion with the surface of the sphere of a plane passed
through the center of the sphere perpendicular to the
axis is the equator. All planes containing the axis of
the sphere intersect the surface to form meridians of
longitude. Planes passed through the sphere parallel
to the equator intersect the surface as parallels of
latitude.

It is immediately apparent that a map of the pro-
jection of such a hemisphere may be made either with
one pole as the center of the chart or with the center
on the equator, in which case we have a projection on
the meridian. The latter method will not be con-
sidered because of the inconvenience of computing the
coordinates and the plotting of the double system of
complex curves of the meridians and parallels; the
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intersection of these systems at oblique angles; and
the consequent inconvenience of plotting positions.
(See fig. 6.) A polar projection is more easily con-
structed because the meridians become straight lines
and the parallels become concentric circles. (See fig.
7.) A superposition of these two forms of coordinates
(fig. 8) is of value in applying the correction for
binocularity.

In order to construct a chart of the Lambert equal-
area polar projection, the radius of the circle repre-
senting the parallel on the projection is taken as the
chord distance of the parallel from the pole on the
sphere. Figure 9, in which cireles are drawn for every
10° parallel on the sphere, shows the construction of
such a chart for a sphere of radius ¢. The meridians
are straight lines radiating from the pole and dividing
the circles into equal parts. From this figure it is
apparent that

. P . P
=Sm§andp=2asm§

P
2a
where p 1is the chord distance of the parallel from
the pole.
a, the radius of the sphere.
P, the are from the pole to the parallel.

The area contained in the circle having radius p is
mp? and equals 47a ? sin 3 ‘;—)

It remains but to prove that the area of the spherical
surface, or polar cap, bounded by the same parallel is
equal to that just found on the chart. The surface

2
area of the hemisphere is 47:;0'

or 2za3. The area of

the shaded portion is 2xa® sin 6. This expression

becomes 27a? cos P since 6= g—P)-
Area of cap=2ra*—2na?® cos P=2wra® (1—cos P)
=4ra? sin? Zg) which is equal to the plane

area found above. Thus the total area of the polar
cap is equal to the total area of the chart. Since the
proof holds for any parallel, the area of the ring between
any two parallels is equal in area to the area on the
chart and, since the ring is equally divided by the
meridians, the area of a section on the chart is equal
to the area on a sphere bounded by the same parallels
of latitude and meridians of longitude. The equal-
area projection therefore preserves the ratio of areas
constant; that is, any given part of the chart bears
the same relation to the area that it represents that
the whole chart bears to the whole area represented.



MEASUREMENT OF THE FIELD OF VIEW FROM AIRPLANE COCKPITS

A form, including the chart just described, was
constructed and prints were made from it to record
directly the data obtained by the visiometer. In
figure 7 one is shown mounted on a data board, with
the celluloid scale used to facilitate plotting.

The projection as made from a single point is first
drawn on the chart in dotted lines to assist in inter-
preting the chart. The binocularity correction ob-
toined from figure 10 is then applied by the use of
figure 8 and the resultant figure drawn in solid lines.
The blind regions are cross-hatched and transparent
surfaces properly represented in the final chart. In
addition to plotting the outline, photographs of the
airplane and the general information necessary to fill
in the complete form were obtained.
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the correction, it is therefore necessary to convert the
magnitude of the correction into terms of the scale of
the chart in the region in which the correction is to be
applied. This conversion is accomplished by means of
figure 10. When the distance of a point on the obstruc-
tion from the pilot and the horizontal plane or latitude
in which it occurs are known, the magnitude of the
correction to be applied to the chart may be determined
directly in terms of latitude and longitude difference
to the new position in which binocularity locates it.

It will be noted that the value of the correction
increases very rapidly with decreasing distance from
the instrument, particularly below 10 inches, but for-
tunately portions of the structure are seldom very
close to the pilot’s face.
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F16gURE 10.—Correction for binocularity.

The application of the binocularity correction to the
measured data requires some explanation. In the
preliminary considerations the correction was shown
to be applicable for the reduction of obstructions in
planes containing the eyes and to vary with the dis-
tance from the various parts of the airplane to the pilot.
By a superposition of the meridianal projection on the
polar projection (fig. 8), the location of the horizontal
planes and the scale of the chart along them is deter-
mined. Since the meridians converge toward the
poles, the scale on the parallels is reduced in that direc-
tion. The correction, however, is a portion of a great
circle and has a certain magnitude « regardless of its
point of application on the chart. In order to apply

Owing to the variations in the paper used, slight
variations in the size of the chart have been found.
As area evaluation will most probably be made on a
percentage basis, the results should not be appre-
ciably affected. From a large number of charts it
was determined that the maximum variation in
radius was 1 percent and that the area of the
form was correct to within 41 percent. When
plotting on the chart, an accuracy of %° may be
maintained in & radial direction and between radial
lines on the periphery. This latter error increases
toward the center of the chart owing to the conver-
gence of the radial lines, although the importance of
this accuracy decreases.
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DISCUSSION

The visiometer has proved very practicable. It is
convenient to transport, easy to set up, and simple to
operate. The mirror facilitates sighting with little
motion on the part of the observer. Depending upon
the size of the airplane, the location of the cockpit,
the entering steps, the wings, and the type of cockpit
enclosure if one exists, it has frequently been found

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONATUTICS

distortions near the edge. It is only necessary to
remember that the chart is the representation of a
hemisphere on a plane surface and that it extends
through 90° in every direction from the center.

The entire horizon is visible in the F11C-2 (fig. 11)
airplane in the flight attitude. The seat being lowered,
the pilot is well protected by the windshield in the
central position, while still able to get from behind it
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inconvenient and, in many cases, very uncomfortable
to reach the instrument to operate it after it has been
mounted in the cockpit.

The variety of locations of regions that obstruct the
pilot’s vision in the forward hemisphere is shown by
the charts for airplanes representing different cockpit
and wing arrangements. Some difficulty may be
experienced in interpreting the charts owing to shape

central fo side

Landing attitfude
FIGURE 11.—Photograph and field-of-view charts for tractor biplane fighter F11C-2 with cockpit behind wing cellule.

by a small movement of the head to the side. The
region restricted by the engine and wings is not mate-
rially reduced by lateral movement, although that
restricted by the fuselage is improved. The several
small blind regions caused by the cabane and inter-
plane struts are of small consequence, particulary the
former, as they are considerably displaced by lateral
movement. In the landing attitude the nose of the
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fuselage and the engine entirely restrict the view in
the direction of flight. By the raised seat the pilot is
placed more nearly on the chord line of the wing, how-
ever, and the blind areas due to it are materially
reduced. In both attitudes the gaps between the en-
gine cylinders appear to be of appreciable magnitude.

Figure 12 shows that the top wing and the fuselage
of the XB2Y-1 airplane cover considerable area and,
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improved by replacing the cabin top with transparent
material.

The XSE-2 airplane (fig. 15), although having an
engine in the nose of the fuselage, has no area restricted
in the forward hemisphere by the wing.

In all the charts the effect of binocular vision in
reducing the width in the horizontal plane of structural
members, particularly those near the pilot, is quite
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F10URE 12.—Photograph and field-of-view charts for tractor biplane bomber XB2Y-1 with cockpit behind wing cellule.

since the engine is completely cowled, no view between
the cylinders is obtained. The P—26A low-wing mono-
plane (fig. 13) is notable for the unrestricted view in
the upper portion of the hemisphere, the absence of
struts, and the large area covered by the engine.

In figure 14 showing the W—1 airplane, the excellent
view obtained with a pusher arrangement is shown.
This particular arrangement could be considerably

apparent. Equally so is the consistent location of the
region blanked by the fuselage. The small portions
of the horizon restricted by the nose of the fuselage
in the landing attitudes for the W~1 and XSE-2 air-
planes are particularly noteworthy.

Of course, there are many other positions which the
pilot may assume in addition to those which have been
chosen as representative. The pilot may sway fore
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and aft and also effect & movement of his head in a
vertical direction, in addition to moving his eyes.
The view afforded by these movements may be of
interest in particular cases and may be determined
and charted in a manner similar to that described.
It may be argued, however, that the airplane of the
future should be so arranged as to afford the pilot

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONATUTICS

obtained for the four described positions of the pilot
may be combined into one chart for more direct com-
parison, and may even include date from other and
more extreme positions. For the sake of descriptive
simplicity, these variations have been omitted in the
charts herein presented, although it may be of value
when the subject of evaluation is given more attention.
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F1GURE 13.—Photograph and field-of-view charts for tractor low-wing monoplans fighter P-26A.

maximum desirable view with no inconvenience or
unnecessary movement on his part. It would there-
fore appear that in measuring the view from existing
airplanes the aim should be to determine what can be
seen from such positions and thus what improvement
should be effected, rather than what can be seen from
unusual and uncomfortable positions that the pilot
gy assume.

The presentation of the final data on the charts may
also be varied in many ways. For example, the charts

CONCLUDING REMARKS

It is believed that the method described reasonably
represents the view obtained by the pilot and permits
more rational comparisons of the relative merits of
various airplane arrangements than has been possible
heretofore. The method may be extended to include
the rear hemisphere or may be used at any other
observation point. The method is adaptable for use
in rating fields of gunfire as well as the field of view of
photographers and observers.
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In any event, the plotting of the view in the forward
hemisphere from existing airplanes, together with the
opinions received from the operating personnel, should
result in o more definite understanding of field-of-view
requirements and thus be a contribution to improved
safety in flight.

LangLEY MEMORIAL AERONAUTICAL LLABORATORY,
NarrioNnaL Apvisory COMMITTEE FOR AERONAUTICS,
Lancrey Fiewp, Va., October 3, 1934.
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FIGURE 14.—Photograph and fleld-of-view charts for pusher high-wing monoplane YW-1 with cockpit ahead of wing.
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